Background: There have been numerous studies and reviews indicating that caffeine ingested before exercise causes rapid and significant improvement in performance, especially in aerobic capacity. Even though caffeine has a half life of 4 to 6 hours that implies high level of caffeine will be in the blood for up to 3 to 4 hours after ingestion, most studies on exercise performance are at 1 hour after ingestion.
INTRODUCTION
Caffeine in one of the most widely consumed drugs in the world and is known to be ingested by sports people to augment performance. Laboratory-based [1] [2] [3] [4] [5] [6] [7] and some field based 8, 9 researches demonstrate the beneficial effects of caffeine on endurance exercise performance. Mechanism of action that may explain this ergogenic effect is an increase in free fatty acid (FFA) oxidation and a subsequent sparing of muscle glycogen. 10 Caffeine exerts this effect through competitive antagonism of adenosine receptors at physiological concentration.
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There is substantive evidence that caffeine facilitates neuromuscular function at the level of the sarcoplasmic reticulum (SR). The potentiation of muscle contractile force has also been demonstrated at concentrations that are attainable with ergogenic doses of caffeine in humans.
Even though caffeine has half life of 4 to 6 hours high levels of caffeine will be in blood for up to 3 to 4 hours ingestion. The majority of laboratory studies demonstrating the ergogenic effect of caffeine ingestion on performance administer caffeine dose 1 hour before exercise. The assumption is that the ergogenic effect is related to the circulating level of drug in the blood. Thus, maximal effects are assumed to occur ~1 hour after ingestion when peak plasma concentration is observed. 12, 13 However, it is unknown that this is the optimal timing of caffeine administration to maximize its ergogenic effects. Some studies 14, 15 have suggested that waiting for 3 hours may be more optimal because of caffeine-induced effect on lipolysis is greater than at earlier time after ingestion. However, the hypothesis that the ergogenic effect from caffeine is due to an enhanced FFA mobilization and tissue utilization has not found much support in the recent literature. 16 Thus, the purpose of this study was to assess the efficacy of drug at duration 1 hour, 1 hour 30 minutes, 2 hours, 2 hours 30 minutes and 3 hours on muscle strength and cardiorespiratory endurance after ingestion.
MATERIALS AND METHODS
An experimental study with different subject design was conducted.
A group of 20 (10 males, 10 females) healthy adults with mean age 22 ± 5 years and mean weight 60 ± 5 kg were included in the study. The subjects were asked to complete questionnaire concerning their daily caffeine intake. Total caffeine intake per day was not more than 2 to 3 cups of tea which is equivalent to 200 mg of caffeine. The experimental protocol and potential risks of the study were explained to each subject both verbally and in writing and their informed consent was obtained. The study was approved by Institutional Ethical Committee at GNDU, Amritsar.
Preexperimental Protocol Assessment
Strength assessment by isoinertial dynamometer: It represents reliable means to access muscle strength. Each JAYPEE Jaspal S Sandhu et al subject was made to sit on the isoinertial dynamometer and perform maximum voluntary contraction with 10 seconds hold on the dynamometer to determine the peak force and average force of the quadriceps muscle of the dominant leg (at 60°C of knee flexion). These constituted the baseline reading of experimental and placebo group.
Cardiorespiratory endurance assessment by vista turbo trainer: Each subject performed an incremental VO 2max test (Ramp 20 Protocol on an electromagnetically braked cycle ergometer) to determine the maximal power output (wattage maximum, W max ) and maximal oxygen uptake (VO 2max ). Subsequently, the subject pedaled at work load of 65% of VO 2max until exhaustion (when pedaling frequency was lower than 50 revolutions per minute) and time to exhaustion was recorded.
Experimental Protocol
Drug trial was scheduled once a week. Subjects ingested either placebo or standardized caffeine capsules (300 mg) depending upon the group to which they belonged to (experimental and placebo) and arrived 1 hour, 1 hour 30 minutes, 2 hours, 2 hours 30 minutes and 3 hours before exhaustion ride and strength testing (peak force and average force) according to the duration trial which was scheduled for the day.
STATISTICAL ANALYSIS
Data was presented as Mean ± SD. The data was analyzed for statistical significance by using the statistical package for social sciences (SPSS 14.0 software). To assess the changes in strength and cardiorespiratory endurance at different durations related t-test was used. Unrelated t-test was used to compare experimental group with placebo group.
RESULTS
Peak force: On intragroup comparison of peak force in pre-and postcaffeine ingestion at different durations, it was found that peak force increased significantly at all durations (p < 0.001) (Fig. 1) . On intergroup comparison of peak force in experimental and placebo group at different durations, it was found that peak force increased significantly in experimental group (p < 0.05) (Fig. 2) . On intragroup comparison of peak force at durations 1 to 2, 1 to 3 and 2 to 3 the results were nonsignificant. Percentage increase in peak force at 1st hour was 18.85%, 2nd hour was 19.40% and 3rd hour was 13.13% (Fig. 3) .
Average force: On intragroup comparison of average force in pre-and postcaffeine ingestion at different durations, it was found that average force increased significantly (p < 0.001) all durations (Fig. 4) . On intergroup comparison of average force in experimental and placebo group at
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JPMER different durations, it was found that average force increased significantly in experimental group (p < 0.10) (Fig. 5) . On intragroup comparison of average force at durations 1 to 2, 1 to 3 and 2 to 3 the results were nonsignificant. Percentage increase in average force at 1st hour was 19.76%, 2nd hour was 22.45% and 3rd hour was 16.31% (Fig. 6 ).
Time to exhaustion:
On intragroup comparison of time to exhaustion in pre-and postcaffeine ingestion at different durations, it was found that time to exhaustion increased significantly (p < 0.001) at all durations (Fig. 7) . On intergroup comparison of time to exhaustion in experimental and placebo group at different durations, it was found that time to exhaustion increased significantly in experimental group (p < 0.10) at all durations (Fig. 8) . On intragroup comparison of time to exhaustion at durations 1 to 2, 1 to 3 and 2 to 3 the results were nonsignificant. Percentage increase in average force at 1st hour was 20.22%, 2nd hour was 19.80% and 3rd hour was 18.81% ( Fig. 9 ). 
DISCUSSION
The results showed significant increase in peak force, average force and time to exhaustion at all durations. The percentage increase for peak force, average force and time to exhaustion was highest in 1st hour and 2nd hour duration when compared with 3rd hour.
The results of present study in the improvement of muscle strength are in agreement with following studies. Study conducted by Beck TW (2006) 17 reported statistically significant increase in free weight bench press (BP) exercise post 1 hour in group which was administered caffeine. Furthermore, James and Wilson (2005) 18 investigated the effects of 70 μm caffeine on force and power output in isolated mouse extensor digitorum longus muscle in vitro and reported a significant increase (2-3%) in peak force and net work produced during work loops; suggesting that caffeine ingestion enhance force and power during brief but not prolonged activities. The significant increase in peak Improvement in performance after absorption of caffeine observed in prolonged exercise involving aerobic metabolism can be explained by the stimulation of lipolysis. 23 The lipolysis might be increased via direct or indirect effect. Furthermore, the increase in endurance performance after caffeine ingestion is thought to be caused by enhanced fat oxidation which delays glycogen depletion and fatigue. 24, 25 The findings of the present study that maximum effects of caffeine are observed in the first 2 hours can be explained by the fact that the peak plasma concentration which is attained 1 hour after caffeine ingestion.
In light of this study, it can be stated that there was significant increase in strength and endurance at all durations. But the percentage improvement was higher at 1st and 2nd hours duration when compared with the 3rd hour duration. Henceforth, it can be concluded that maximum effects caffeine are observed in first 2 hours after ingestion after that wean off effects are seen. In the present study, caffeine ingestion led to increase in cardiorespiratory endurance at all durations. These findings are consistant with the findings of Bell DG and Mcllean TM (2002) 21 who studied exercise endurance 1, 3, 6 hours after caffeine ingestion in caffeine users and nonusers and reported an increase in endurance at all three durations. Another study by Pasman WJ and Van Beak MA (1995) 22 also reported an increase in endurance performance time after ingesting 5, 9, 13 mg/kg body weight of caffeine.
No difference was found in endurance performance between the 3 caffeine dosages which indicate no dose-response relation of caffeine and endurance.
